Two important reverse dipolar magnetic anomalies in the Iberian Chain (Spain) are located over Permian igneous rocks. A detailed study of one of them, the Loscos magnetic anomaly, where the geological structure is well constrained, reveals that the source of the anomaly must be a reverse remanent magnetisation carried by igneous rocks, acquired during the period of the Kiaman reverse magnetic superchron. Magnetic and gravimetric detailed survey (with 50 new gravimetric measurements and 8 main magnetic profiles -six of them N-S and the rest E-Wwith a total length of 40km), together with a study of the petrophysical characteristics of igneous materials, data processing and interpretation (upward continuation, 2.5D modelling, etc.) allowed to characterize qualitatively the anomaly and its source. Two overlapping anomalies with different wavelength were identified, indicating the presence of a shallower strongly altered igneous body with heterogeneous magnetic properties, and a deeper, large igneous body, responsible for the main, long-wavelength anomaly.
INTRODUCTION
Analyses of magnetic or aeromagnetic anomalies are an important tool to infer the presence of deep bodies whose magnetic properties contrast with those of the host rock (Kristjansson and Jonsson, 2007; Ortiz-Alemán and Urrutia-Fucugauchi, 2010; Rybakov et al., 2011; Louro and Mantovani, 2012; Urrutia-Fucugauchi et al., 2012; Ribeiro et al., 2013, among others) . The aeromagnetic map of Spain (Ardizone et al., 1989; Socías and Mezcua, 2002) , whose lines were measured in 1987 at an elevation of 3000m, shows a number of dipolar magnetic anomalies, most of them with normal polarity (or induced magnetisation), especially abundant in the western portion of the Iberian Peninsula. These anomalies are related to different geological settings, and many of them have been associated with changes in crustal thickness, the existence of igneous bodies, diapirs cored by gypsum and mafic volcanic rocks, etc. (e.g. Casas et al., 1997; Gómez-Ortiz et al., 2005; Ayarza and Martínez-Catalán, 2007; Pedreira et al., 2007; Santolaria et al., 2012; Del Río et al., 2013, among others) . The Iberian Chain, occupying the eastern portion of the Iberian Peninsula, does not show prominent magnetic anomalies, because of its relatively thick sedimentary cover and the relative scarcity of igneous rocks (see e.g. Salas and Casas, 1993; De Vicente et al., 2009) . However, several dipolar magnetic anomalies, some of them normal (Cameros Massif, CMA; Del Río et al., 2013) , and two reverse (Atienza, AMA, and Loscos, LMA), with intensities in the range of 20-110nT in the aeromagnetic map, can be distinguished (Fig. 1) . It is of particular interest that the two relevant reverse anomalies located in the Iberian Chain are located in two major outcrops of Lower Permian igneous rocks (Lago et al., 2004) , thus allowing to hypothesize an apparent relationship between them.
The Atienza Magnetic Anomaly (AMA, Fig. 1B ) is located on the western sector of the Iberian Range, near its limit with the Central System (Gibbons and Moreno, 2002; Vera, 2004) and represents a major anomaly, with an amplitude of 110nT (in the aeromagnetic map) and 45km long in E-W direction. Volcanic rocks of Atienza have a 287±12Ma age (K/Ar for the whole rock; Hernando et al., 1980) . The Loscos Reverse Magnetic Anomaly (LMA, Fig.  1C ), smaller in size and amplitude, is the objective of this paper. The Loscos igneous rocks have been studied by several authors (e.g. Hernando et al., 1980; López-Ciriano et al., 1997; Lago et al., 2005 and references therein). However, the magnetic anomaly presumably generated by these rocks has not been studied yet in detail. In this paper, favoured by a very detailed structural control of the host rocks (Calvín-Ballester and Casas-Sainz, 2014) , we propose the relation between these reverse dipolar anomalies and the magnetic remanence of Permian igneous rocks.
STRUCTURAL AND STRATIGRAPHIC SETTING
The reverse magnetic anomaly studied in this work is located in the northern sector of the Iberian Range, within the Variscan Herrera Unit (Fig. 2) . This unit constitutes the NE limb of a kilometre-scale Variscan major anticline, with a predominant NW-SE to NNW-SSE trend and NE vergence. It is bounded to the SW by the Datos Faults (Carls, 1983) , a first order structure, representing the boundary between different tectonostratigraphic domains: the Western Asturias-Leonese Zone and the Cantabrian Zone (Gozalo and Liñán, 1988; Calvín-Ballester and Casas-Sainz, 2014) . The structure of this sector of the Herrera Unit is well constrained (Calvín-Ballester and Casas-Sainz, 2014) , and it is characterized by E verging folds and folded thrusts, affected by Permian transtensional and extensional faults (Figs. 2C; 3; 4) . Permian faults are related to igneous intrusions and resulted from the Late Carboniferous and Early Permian tectonics in the Iberian Peninsula, the latter resulting from dextral shear as a consequence of the relative movement between Gondwana and Laurasia (Arthaud and Matte, 1977) . The Palaeozoic materials of the Iberian Range recorded a transtensive stress state, with the formation or reactivation of NW-SE major faults (i.e. Datos Fault) and associated half-grabens. Subsequently, these faults also controlled significant Mesozoic basins (Salas and Casas, 1993 ) and the Alpine compressional structure (De Vicente et al., 2009) .
A more than 9000m thick series characterizes the preVariscan stratigraphic succession of the Herrera Unit (Fig.  5) . The Upper Cambrian-Silurian is formed by alternating, hectometre-thick sandstone and shale packages, topped by a shale unit approximately 1000m thick. The Upper Silurian-Devonian shales, sandstones and bioclastic carbonates are the host rocks of the igneous intrusions.
The igneous rocks in this sector, as well as those cropping out in the Iberian Range as a whole, have been extensively studied by Lago et al. (2004 Lago et al. ( , 2005 who distinguished: i) the Fombuena andesites (located a few kilometres northwards from the LMA), dated at 283±2.5Ma and 292±2.5Ma (K/Ar from biotites; Conte et al., 1987) and ii) the microgabbro dyke of Loscos which shows a radiometric age of 293±2.5Ma (K/Ar from biotite; Lago et al., 1991) . According to these ages, igneous rocks were emplaced during the Kiaman reverse polarity superchron (Irving and Parry, 1963; Gradstein and Ogg, 2004) . According to Lago et al. (2005) , during the first magmatic stage (Late Casas-Sainz, 1996) . To the NE of the studied area, a series of Cenozoic sediments more than 500m thick defines the transition from the Iberian Chain to the Ebro Basin.
METHODOLOGY
New gravimetric and magnetic data were taken around the LMA to characterize the subsoil structure. The detailed geophysical survey consisted of 48 gravimetric sites (with 3 measurements per site) spaced about 1km, and 8 main magnetic profiles -six of them N-S and the rest E-W-with a total length of 40km carried out in two field surveys ( with a precision of 0.1nT, was used. A proton magnetometer (PGM-01 Czech Republic) was used as a base to account for diurnal corrections. Data were filtered to eliminate local anomalies related to human activity, and subsequently the diurnal variations (using the lecture of the magnetometer base) and the International Geomagnetic Reference Field (IGRF) were removed.
The gravity field was recorded with a Burris ZLS gravimeter, with an accuracy of 0.01mGal and instrumentrelated drift of less than 0.01mGal during the survey period. Gravity readings were referred to the IGSN-71 through the absolute gravity base located at the University of Zaragoza. A comparison between observed gravity values and theoretical model based on the Geodetic Reference System (GRS80; Moritz, 1980) was carried out. Free Air Correction (Hinze et al., 2005) and Bouguer correction considering an average density of the materials of 2670kgm -3 (LaFehr, 1991) were also applied. Topographic correction was applied up to 20km, with a Digital Terrain Model using a 100x100m topographic grid, based on the Hammer chart (Hammer, 1939) . Bouguer anomaly map was generated through interpolation (kriging) of data. The residual anomaly map was generated by subtracting From five different outcrops of igneous rocks (see location in Fig. 3 ), oriented hand-samples were collected and drilled in the lab as standard magnetic cores to analyse their density and magnetic properties: susceptibility (with a KLY-3 Kappabridge from Agico), Natural Remanent Magnetization (NRM, Superconducting magnetometer 2G 755), density (precision balance using the weight of the sample in air and water) and susceptibility thermomagnetic curves (CS-03 coupled to KLY-03 Kappabridge from Agico). The susceptibility of the host rock was measured through multiple measurements with a handheld KT-10 susceptometer (Terraplus-Canada). In addition, alternating field demagnetisation was applied to representative samples by means a 2G cryogenic magnetometer, and thermomagnetic curves of induced magnetisation were obtained by a Variable Field Translation Balance (MMVFTB). All measurements were done at the Paleomagnetic Laboratory of the Burgos University and the Magnetic Fabrics Laboratory of the Zaragoza University.
In the processing of results, interpolation of the data was performed by kriging, generating a 70x70m grid. This interpolation method was found to give the best results, because of the uneven distribution of magnetic data. Upward continuation was done throughout the software MagPick (Geometrics) using Tikhonov regularization. 2.5D modelling of the terrestrial magnetic anomaly and of the Upward continuation was carried out with Gravmag software (British Geological Survey). 2.5D modelling allowed to estimate the source of the anomalies. However, this method shows some limitations: it assumes that modelled bodies are symmetric in regard to the modelled cross-section, biasing the model when there are heterogeneities, oblique or perpendicular to the considered cross-section. In order to assess the rock types and their possible alteration, thin sections from selected samples were studied under petrographic microscope.
RESULTS

Magnetic anomaly
The total magnetic field anomaly map (Fig. 6A) shows a complex pattern. On one hand, it shows a wide smallintensity anomaly covering the whole studied area. On the other hand, it overlaps with another anomaly with smaller wavelength and higher intensity (Fig. 6B) , elongated in E-W direction. This wavelength is about 2.5km in N-S, and 3.5km in E-W direction, with a positive amplitude in (Ardizone et al., 1989) over the Loscos Magnetic Anomaly, generated from aeromagnetic data measured in 1987 at an elevation of 3000m. Projected coordinates, UTM30 ETRS89 (EPSG:6258).
the N of around 300nT and a negative amplitude in the S of -100nT (Fig. 6B) ; the central sector of the anomaly is very complex and a single dipole cannot be clearly defined (Fig. 6C) , due to the contribution of several anomalies with variable intensities and wavelengths.
An Upward continuation map for 2000m above the surface (considering a mean surface height of 1000m) was calculated (Fig. 7A) . This map shows a reverse magnetic dipole very similar to the one observed in aeromagnetic map ( Fig. 1; 7B ) with a wavelength longer than the survey area, a maximum intensity of 20nT in the northern sector, and a minimum of about -15nT in the southern sector.
Gravimetric anomaly
The Bouguer anomaly (Fig. 8A) shows a gradient with less negative values to the ENE, nearly perpendicular to the limit between the Iberian Range and the Tertiary Ebro Basin. This limit controls the NNE-SSW disposition of the regional field (Fig. 8A) , that shows increasing values toward the ENE, related to crustal thinning in this direction (Salas and Casas, 1993) . In the central sector, where igneous rocks crop out, the values of the Bouguer anomaly are higher. The residual anomaly map (Fig. 8B) shows a small positive anomaly (3.5 x 2km) in the centre of the study area (maximum 1.4mGal) elongated in NW-SE direction. In the NE edge of the survey area, a negative anomaly can be observed, but this may be due to border effect in the interpolation at the boundary of the study area.
Physical properties
In general, the studied igneous rocks show low to moderate values of susceptibility (k) and remanence (J) ( Table 1 ). J-k plot (Fig. 9) indicates four populations controlled by petrofacies. PAND-01 and PAND-02 represent subvolcanic rocks with low remanence and high relative susceptibility (k = 350-450x10 -6 S.I.). PAND-03 and PAND-04 correspond to a microgabbro dyke; PAND-03 shows higher ratios of remanence to susceptibility (J > 0.01Am -1 ), while PAND-04 shows the opposite relationship, indicating a significant heterogeneity in the initial ferromagnetic composition of the dike or a subsequent alteration. Finally, PAND-05 corresponds with a felsic dyke and shows low values of susceptibility and remanence. The host rock shows susceptibility values around 200-300x10 -6 S.I. in shales and limestones and 0-30x10 -6 S.I. in quartzitic sandstones.
NRM directions of the samples (Table 2 ; Fig. 10A ) show Permian declinations (D = 163.0º; I = -8.9º, according to Osete et al., 1997) in PAND-01 to PAND-04 (D between 170º to 180º), but with an important scattering in inclination (I between 22.7º and -35.3º ). This dispersion is related to the location of the samples because PAND-01 and PAND-02 (both with positive inclination) are located about 9km to the NW of PAND-03 and PAND-04 (both with negative inclination).
Some representative samples were demagnetized by alternating fields in order to determine the component structure of the NRM. Most samples showed an only stable low coercivity component (Fig. 10C ) with coercivity spectra comprised between 10 and 80mT. This univectorial feature indicates that the NRM directions (Table 3 ; Fig. 10A ) are reasonably representative of the isolated paleomagnetic component.
Thermomagnetic magnetization curves have been performed in representative samples. The hyperbolic heating curves in PAND-02 and PAND-03 indicate that most of the magnetic signal is dominated by the paramagnetic fraction (Fig. 11A, C ). An increase of the magnetization is observed in the cooling path, owing to the generation of ferromagnetic minerals during heating, probably from paramagnetic minerals. This non-reversible shape of the curves suggests that the grains that transform in new ferromagnetic minerals during the experiments must be created after the original cooling during formation (Carrancho and Villalaín, 2011) . This observation also indicates that chemical alteration affected these rocks to some degree after original cooling during formation. After subtracting the paramagnetic contribution (Fig. 11B, D) , the Curie temperature of 585ºC can be interpreted as due to the presence of magnetite in PAND-03 (Fig. 11C) . In PAND-02 a drop at 450ºC can be observed and after this temperature the creation of new ferromagnetic minerals can be observed (Fig. 11D) .
The density contrast between the igneous and host rocks is around 120kgm -3 (Fig. 12) . Multiple density measurements of igneous rocks show a mode of 2750-2800kgm -3 with strong variability, and some values below the average of the host rocks (considering the different lithologies: shales, sandstones and limestones). Conversely, the host rocks have values distributed between 2550 and 2775kgm -3 .
Petrography of rock alteration
Gabbros (PAND-03, PAND-04)
Gabbros show phaneritic, slightly porphyritic texture (Fig. 13A, B) formed by Pl (65%), Cpx (20% -partially altered to Amp: 5%-), Bt (10%), Opq (5%) and intercrystalline Qz (1%) (mineral abbreviations in this work follow recommendations by Whitney and Evans, 2010) . Alteration minerals as Chl or phyllosilicates are also present.
In most cases, Cpx macrocrysts have undergone hydration processes, which isomorphically changed the primary Cpx to secondary Amp. This kind of processes, as well as other alterations, are better recognized in PAN-D04 than in PAN-D03, which is much less altered.
Diorite dikes (PAND-01, PAND-02)
They are subvolcanic, holocrystalline rocks (Fig. 13C) , mainly characterized by intergranular textured matrix with some coarser crystals as Pl phenocrysts and Qz xenocrysts. The mineral assemblage of these rocks is: Pl (65%), Bt (10-15%), secondary Chl (5-10%), Opq (5-10%) and xenocrystalline Qz (5%). The matrix is basically formed by Pl, Bt and Opq. Some vesicles filled by Chl ± Qz have also been observed.
The alteration degree of the two studied samples is clearly different. While PAN-D01 remains less altered, PAN-D02 shows a higher alteration degree, especially recognized in the Pl crystals (altered to phyllosilicates -e.g. sericite-) and in a greater modal proportion of secondary Chl.
Rhyolite dykes (PAND-05)
Volcanic, strongly porphyritic holocrystalline rocks, with a fine-grained matrix mainly formed by Qz (+ Bt ± Pl) and almost totally altered Ab and Bt phenocrysts. The rock shows a strong alteration degree and modal mineral proportions are difficult to define. The matrix is integrated by: Qz (80%), Bt (15%), Pl (5%) and Opq (1-3%). Bt crystals are totally anhedral and show alteration colours (yellow, red, orange) probably due to the presence of transition metals oxides. The Pl crystals are also anhedral and display rounded to circular habits. The strong physical and chemical alteration erased most of their crystal features.
INTERPRETATION AND DISCUSSION
Representativeness of samples
Before performing the modelling of magnetic and gravimetric anomalies, it is convenient to analyse the representativeness of the studied samples to understand Magnetic properties of the modelled bodies and host rock used in the interpretation of the synthetic model (Fig. 14B) 
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After tilt correction Mean of site mean direction is also indicated (star) and the corresponding 95% confidence circles (dotted lines) are also indicated. B) Same information as A), restored to the horizontal assuming that PAND-1 and PAND-2 are located in the northern limb (tilted 25º) of a E-W syncline tilted, while PAND-3 and PAND-4 are located at the southern limb (also tilted 25º). Mean paleomagnetic direction and α95 obtained by Osete et al. (1997) in Atienza andesites are also represented. C) Orthogonal projections in in situ coordinates of alternating field demagnetization of two representative samples of andesite (up) and gabbro (down). Open symbols are projections of the vector end points onto the vertical N-S plane and solid symbols are projections onto the horizontal plane. A c t a , 1 2 ( 3 ) , 1 9 3 -2 0 7 ( 2 0 1 4 NRM directions show approximately Permian directions (Osete et al., 1997) , but affected by E-W post magnetization folding, generating dispersion in the inclination in a N-S section (Fig. 10A) , compatible with compressional E-W structures (typical Alpine trend in this sector; Cortés-Gracia and Casas-Sainz, 1996) . Besides, this is compatible with the WNW-ESE thrust located towards the S, which cuts across NNW-SSE Variscan structures. Furthermore, the axis of the NNW-SSE syncline located between PAND-01 and -02 on one side and PAND-03 and 04 on the other shows a southward dip of about 30º resulting from tilting of the structure (according to the attitude of unconformable Mesozoic beds located South of it). Therefore, if we assume that NRM directions are rotated 25º to the N (PAND-01, PAND-02) and 25º to the S (PAND-03, PAND-04 respectively), according to their location, with an E-W horizontal axis, resulting NRM directions show a significant clustering after tectonic correction (Fig. 10B) , indicating the presence of an E-W syncline formed after magnetization, probably during Cenozoic times.
G e o l o g i c a
On the other hand, low J and k values indicate an important alteration of ferromagnetic phases in the analysed igneous rocks. Urrutia-Fucugauchi et al. (2012) indicate that primary direction and intensity of remanence in igneous rocks can be modified by different processes related to igneous activity (e.g. hydrothermal alteration or reheating). However, according to NRM directions and orthogonal projections of alternating field demagnetization (Fig. 10) , no evidence of formation of new ferromagnetic minerals during the alteration process has been found and only anomalously low values of magnetisation intensity are recognized, but without generating a remagnetisation.
The petrographic analysis shows important differences in alteration in different bodies, which may indicate significant heterogeneities throughout the plutonic rocks. In addition, as mentioned above, the wide area with outcrops of polymetallic veins associated with gabbroic rocks (López-Ciriano et al., 1997) may be a clear indicative of the further extension of these rocks in depth.
For all these reasons, the presence of heterogeneous igneous bodies in the subsurface with Permian NRM and values of remanence higher than those measured in outcrops, can be a working hypothesis to interpret the potential field anomalies obtained. This is illustrated in Figure 14 , which shows the impossibility to reproduce the observed anomaly with the properties of rocks analysed at surface.
Qualitative model
An approach to deciphering the origin of potential field anomalies is the construction of conceptual models not exactly reproducing all the details of the obtained anomaly but defining its overall geometry. In our case, 2.5D quantitative modelling is not possible because: i) the petrophysical properties of the true source are not known and ii) the anomaly is complex, with several lateral inhomogeneities, denoting differences in lateral continuity of the source bodies (2.5D modelling assumes a symmetrical extension to the bodies relative to the modelled section). Furthermore, a combined gravitymagnetic modelling is precluded by the fact that the gravimetric anomaly is small (1.4mGal), close to the limit and resolution of the survey and is slightly shifted toward the E with respect to the magnetic anomaly (recall here that because of the very nature of the 2.5D modelling, the modelled seccion should cross at the axis of symmetry of the gravimetric anomaly).
From petrophysics and paleomagnetic data, the reverse magnetic anomaly can be interpreted to be generated by an igneous body with a high remanence value and reverse polarity. The outcropping gabbroic body may be a part of this body, but it is affected by a slight alteration generated on the surface. This igneous body might also be the cause for the gravimetric anomaly. An attempt can be made from a qualitative approach, in order to infer the petrophysical characteristics that a hypothetical causative body could have, to generate the complex reverse magnetic anomaly. The basic concept of this qualitative model can also be extrapolated to other reverse magnetic anomalies related to Permian igneous rocks.
The analysis of the magnetic map (Fig. 6) , the upward continuation to 3000m elevation (Fig. 7B ) and the aeromagnetic map ( Figs. 1; 7A) give valuable information about the disposition of the source bodies, which has been used to perform the modelling. The magnetic map (Fig. 6) shows an anomaly with a long wavelength but low intensity, which is the cause for the positive values (20nT) in the northern sector and negative (-35nT) in the southern sector. This feature, which is also recognizable in the maps to an elevation of 3000m ( Figs. 1; 7) , is indicative of the presence of a large deep. This is consistent with the wide extension in which small outcrops of igneous rocks are found in the study area (Fig. 3) , as well as the widespread poly-metallic lodes related to the gabbro reported by Lopez-Ciriano et al. (1997) . On the other hand, since there is another anomaly with shorter wavelength and high intensity overlapping the previous anomaly, this is clearly indicative of the presence of complex source near the surface with high remanence and susceptibility values, probably formed by at least two different bodies with different magnetic properties.
Both the Modelling of the Anomaly observed at Surface (MAS) and the Modelling Anomaly obtained with the Upward Continuation method to 3000m elevation (MAUC) have been carried out. The observed anomaly can be reproduced by two causative bodies, a large one at depth (numbered 1 in Fig. 15A, B) from which a shallower, sub-vertical body (2 in Fig. 15A , B) that connects with surface bodies (numbered 3, 4 and 5 in Fig. 15A, B) is derived. Both deep bodies have the same remanence and susceptibility values.
In detail, bodies 1 and 2 generates a small contribution with low intensity and high wavelength in the MAS (Fig. 15B) , being the cause of the relative minimum and maximum observed in the northern and southern sectors, respectively. However, these bodies are the cause of most part of the anomaly in the MAUC (Fig. 15E) .
Conversely, surface bodies barely contribute to the MAUC (Fig. 15F) , but are the cause of the most of the Reverse magnetic anomaly in the Iberian chain 204 anomaly in the MAS, generating a complex pattern with high intensity and low wavelength. More specifically, this complex pattern can be separated into a main anomaly caused by body 4 (Fig. 15C) , and another anomaly generated by body 3 (Fig. 15C) , slightly shifted toward the S.
Body 5 (Figs. 15C, F) , with remanence and susceptibility values similar to those of the measured samples, contributes very little to the anomaly. It may represent the outer part of the igneous body, affected to a greater extent by alteration processes.
In summary, the system is characterized by a main deep body (Body 1), that constitutes the magma reservoir. This body is connected through a feeding system (body 2) with a surface bodies of dolerites (bodies 3 and 4) with a significant amount of altered igneous rocks (body 5).
In this model, ΔJ values on the order of 0.1-1Am -1 and Δk values between 300-4500x10 -6 S.I. (Table 3 ), similar to measurements by in the Permian igneous rocks of Atienza (Fig. 16) S.I. Since the magnetic anomaly is located in the southern limb of a post-remagnetisation syncline, declination/ inclination values from 177º/-32º to 177º/-10º (mean of PAND-03 and PAND-04) were considered (Table 3) .
Application to other anomalies in the Iberian Chain
The reliable structural control in the surroundings of the LMA and forward modelling shown in this work allow to hypothesize that the main causative body for this anomaly must be an igneous intrusion probably linked to normal faults post-dating the main Variscan orogenic stage. The presence of igneous rocks with reverse magnetic remanence in the subsurface is the easiest way to explain the reverse dipolar character of this anomaly. The contradictory and strongly varying magnetic properties of Permian igneous rocks exposed at surface are indicative of alteration at the top and marginal areas of this body, and therefore there must be fresh rocks below the surface with higher remanence and susceptibility values.
Considering the regional scale, there is a coincidence between reverse dipolar magnetic anomalies and large igneous bodies of Permian age (LMA, AMA) in the Iberian Chain. The relatively homogeneous properties of the host rocks, allow to extend the interpretation proposed in this work to the stronger anomaly located in the Atienza area, where Koenigsberger ratios are considerably higher , probably due to lower alteration and the larger dimensions of the igneous body. However, more detailed structural analysis of the Variscan structures is necessary to check this hypothesis.
CONCLUSIONS
The aeromagnetic map of the Iberian Peninsula shows some reverse, dipolar magnetic anomalies. Specifically, the Atienza and Loscos magnetic anomalies coincide with outcrops of Permian igneous rocks.
In detail, the Loscos magnetic anomaly shows a complex pattern resulting from the overlap of two anomalies with different wavelength and intensity, which can be interpreted as the result of two heterogeneous source bodies located at different depths: i) a medium-sized gabbroic intrusion located at around 5km depth connected to shallower levels with ii) subvolcanic intrusions (diorites) close to the surface.
Materials collected at surface show properties a priori not compatible with the magnetic anomaly, because of their low susceptibility and remanence values. Only PAND-04 (collected in a microgabbro intrusion) presents features consistent with this anomaly but with low remanence, possibly due to both weathering and hydrothermal alteration and primary heterogeneities as causative of inhomogeneities in the rock.
The complexity of the magnetic anomaly map and the 2.5D models are indicative of the presence of a heterogeneous body at depth. Its reverse remanence, acquired during the Kiaman period of reverse polarity, can be invoked as the cause of the magnetic anomaly.
Other reverse magnetic anomalies in the Iberian Chain, such as the one located in Atienza, may have the same origin as the one studied here. Figure 9 ), the samples from Van der Voo (1997) and the bodies used in the modelling (Bodies 1 to 4). Koenigsberger ratios are also shown.
